We use deep Hubble Space Telescope photometry of the rich, young (∼20-45 Myrold) star cluster NGC 1818 in the Large Magellanic Cloud to derive its stellar mass function (MF) down to ∼ 0.15 M ⊙ . This represents the deepest robust MF thus far obtained for a stellar system in an extragalactic, low-metallicity ([Fe/H] ≃ −0.4 dex) environment. Combining our results with the published MF for masses above 1.0 M ⊙ , we obtain a complete present-day MF. This is a good representation of the cluster's initial MF (IMF), particularly at low masses, because our observations are centred on the cluster's uncrowded half-mass radius. Therefore, stellar and dynamical evolution of the cluster will not have affected the low-mass stars significantly. The NGC 1818 IMF is well described by both a lognormal and a broken power-law distribution with slopes of Γ = 0.46 ± 0.10 and Γ ≃ −1.35 (Salpeter-like) for masses in the range from 0.15 to 0.8 M ⊙ and greater than 0.8 M ⊙ , respectively. Within the uncertainties, the NGC 1818 IMF is fully consistent with both the Kroupa solar-neighbourhood and the Chabrier lognormal mass distributions.
INTRODUCTION
The shape of the stellar initial mass function (IMF) is of great importance in modern astrophysics. It plays a crucial role in many of the remaining 'big' questions, e.g., the formation and evolution of the first stars and galaxies. Whether or not the IMF is universal remains hotly contested (e.g., Scalo 1998 Scalo , 2005 Eisenhauer 2001; Gilmore 2001; Kroupa 2007; and references therein) . Obtaining the IMF is challenging because stellar masses cannot be measured directly, while limitations due to the observational technology used affect accurate analysis of, particularly, the low-mass stars.
Star clusters, both open and globular clusters, represent ideal objects to address many astronomical problems because all of their member stars have the same age and metallicity and are located roughly at the same distance. Much work has been done on the MFs of globular clusters (GCs) in the Milky Way. Paresce et al. (2000) found that the MFs of Galactic GCs are best approximated by a lognormal function, based on their analysis of the MFs of a dozen Galactic GCs for stellar masses below 1 M⊙. However, since all Galactic GCs are old (t 10 Gyr, with typical relaxation times of ∼ 0.1 Gyr), they can only provide evolutionary information on a single (long) time-scale; stellar and dynamical evolution must obviously have affected the MF at high masses (e.g., de Grijs et al. 2002a,b) . The Large Magellanic Cloud (LMC), on the other hand, is a unique laboratory for studying star cluster evolution on a range of time-scales as it contains a large population of rich star clusters with masses similar to those of Galactic GCs and covering ages from 0.001 to 10 Gyr (e.g., Beaulieu et al. 1999; Elson et al. 1999) , thus making it possible to study clusters at (almost) all evolutionary stages. Particularly for the rich, young clusters, stellar and dynamical evolution have not yet affected the MF at low masses, so we can attempt to obtain the lowmass IMF of these young clusters from their present-day mass functions (PDMFs). The unprecedented high spatial resolution of the Hubble Space Telescope (HST) allows us 2.1 ± 0.4 7 R hl (pc) 2.6 8
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Notes: a best-fitting main-sequence age (Girardi et al. 2000 isochrones) , where the age uncertainty originates from the discreteness of the isochrones. b Average PMS age (Baraffe et al. 1998 isochrones) , where the uncertainty represents the most appropriate age range covered by the PMS stars.
to resolve individual stars in dense star clusters at the distance of the LMC, ∼50 kpc. NGC 1818 is a young, compact cluster (see Table 1 for the cluster's fundamental parameters). It has been studied extensively (e.g., Will et al. 1995; Elson et al. 1998; Johnson et al. 2001; de Grijs et al. 2002a,b,c) . Will et al. (1995) studied the cluster's IMF using the ESO/MPIA 2.2m telescope at La Silla observatory, Chile, but only for the massive stars (V 22 .75 mag, corresponding to masses 1.26 M⊙). de Grijs et al. (2002a,b) obtained the MF above 1 M⊙ using (in part) the same data as analysed in this paper and concluded that the cluster's MF is largely similar to the Salpeter (1955) IMF approximation over this mass range. The cluster's IMF for stellar masses below 1 M⊙ is still unknown.
Given the young age of NGC 1818, most of its member stars with masses below 1.0 M⊙ are still on the pre-main sequence (PMS). Although PMS membership-selection criteria have been established for the separation of PMS stars from low-mass (zero-age) main-sequence objects (Park et al. 2000; Sung et al. 2000) , using PMS stars is very challenging on the basis of optical observations alone because these stars are usually very faint overall and therefore difficult to detect with most ground-based instruments. The stellar systems in the LMC are thought to be the best places to search for PMS stars because they do not suffer from either severe crowding or significant extinction (Gouliermis et al. 2006a) . The evolution of PMS stars is still rather uncertain (e.g., Baraffe et al. 1998) , which implies that the choice of one's input parameters will significantly affect the predicted PMS evolution. White et al. (1999) compared six PMS evolution models and concluded that the models of Baraffe et al. (1998) resulted in the most consistent ages and masses (Park et al. 2000) . On the basis of the best available evolutionary models (Baraffe et al. 1998) , in this paper we obtain the low-mass IMF (below 1.0 M⊙) for the young LMC cluster NGC 1818 based on high-resolution HST data.
Although new evolutionary models for young low-mass stars have appeared in the literature (see for a review Hillenbrand & White 2004 ) since the comparative analysis of White et al. (1999) , we emphasise that the models of Baraffe et al. (1998) use the most up-to-date equation of state (which was validated on the basis of high-pressure experiments) and outer-boundary conditions based on non-grey atmosphere models (see for details Chabrier et al. 2005; Mathieu et al. 2007) . More recent models either use an equation of state that is more appropriate for solar-type and more massive stars, but not for the interior conditions of low-mass stars (cf. Yi et al. 2003; Dotter et al. 2008) , or approximate grey outer-boundary conditions which provide incorrect effective temperatures and luminosities in the presence of molecules (Palla & Stahler 1999) . The Dotter et al. (2008) models use the same atmosphere models (Hauschildt et al. 1999) as Baraffe et al. (1998) while the Siess et al. (2000) models use similar input physics and are very comparable in the low-mass stellar domain. Finally, the Chabrier et al. (2000) models are most suitable for 'dusty' conditions, i.e., for objects with lower masses than discussed here. The Baraffe et al. (1998) models have been extensively validated observationally for objects of different ages and masses below 1 M⊙, using different observational constraints (such as massradius and mass-luminosity relationships, colour-magnitude diagrams, spectra and binary systems). The only model suite comparable in terms of input physics and quality are the Siess et al. (2000) models. However, they do not include metallicities below Z = 0.01. In Section 2 we present the observations and datareduction steps in detail. We describe how we obtain the cluster's low-mass IMF in Section 3. Finally, we discuss our results and provide a summary in Sections 4 and 5.
OBSERVATIONS AND DATA REDUCTION

Observations
As part of HST programme GO-7307, we have a unique set of high-quality imaging observations of NGC 1818, obtained with both the Wide-Field and Planetary Camera-2 (WFPC2) and the Space Telescope Imaging Spectrograph (STIS). The cluster was part of a carefully selected LMC cluster sample (see Beaulieu et al. 1999) . It has an age of ≈ 45 Myr and a mass of ≈ 10 4 M⊙ (see Hunter et al. 1997; Beaulieu et al. 1999; de Grijs et al. 2002a) . WFPC2 is composed of four chips (each containing 800×800 pixels), one Planetary Camera (PC) and three Wide-Field (WF) arrays. The PC's field of view is about 34×34 arcsec 2 (with a pixel size of 0.0455 arcsec) and the field of view of each of the WF chips is about 150×150 arcsec 2 (with a pixel size of 0.097 arcsec). The STIS field of view is 28×52 arcsec 2 , with a pixel size of 0.0507 arcsec.
We obtained WFPC2 exposures through the F555W and F814W filters (roughly corresponding to the JohnsonCousins V and I bands, respectively), with the PC centred on both the cluster core and its half-mass radius. We have both deep (exposure times of 140 and 300 s for each individual image in F555W and F814W, respectively) and shallow (exposure times of 5 and 20 s, respectively) images with the PC located on the cluster centre de Grijs et al. 2002a ). For the exposures centred on the clus-ter's half-mass radius we obtained deep observations with a total exposure time of 2500 s in both filters.
Given that NGC 1818 is observed superimposed on the LMC background field, it is important to (statistically) subtract the background stars to obtain clean luminosity and mass functions. We obtained very deep WFPC2 exposures through the F555W and F814W filters from the HST Data Archive of the general LMC background and of a specific background region associated with NGC 1818 (see, for more details, Castro et al. 2001; Santiago et al. 2001; de Grijs et al. 2002a) . For the general background the exposure times were 7800 s (F555W) and 5200 s (F814W) (de Grijs et al. 2002a ), while they were 1200 s (F555W) and 800 s (F814W) for the images of the specific background field associated with the cluster de Grijs et al. 2002a ). Both sets of background fields were significantly deeper than the targeted cluster observations, hence allowing us to properly correct for background effects at the faintest magnitudes covered by our science observations.
We also obtained deep STIS CCD observations in ACCUM imaging mode through the F28×50LP long-pass filter (central wavelength λc = 7230Å), with the CCD centred on the half-mass radius of NGC 1818. The total exposure time of this observation was 2950 s in a set of 5 observations (see also Elson et al. 1999) ; each observation was split into two exposures to allow for the removal of cosmic rays by the data-processing pipeline. The deep STIS data allow for the construction of very deep luminosity functions; in fact, STIS (in imaging mode through long-pass filters) is five times more sensitive for faint red objects than WFPC2 (e.g., de Grijs et al. 2002a ).
Data reduction and photometry
We used the iraf/APPHOT 1 package to perform aperture photometry. We compared the different colour-magnitude diagrams (CMDs) for 1-, 2-, 3-and 4-pixel apertures and found that the 2-pixel aperture was best suited for stellar aperture photometry in this cluster since it produced the smallest photometric errors and the tightest main sequence. This radius corresponds to ∼0.09 arcsec for the PC chip, ∼0.2 arcsec for the WF chips and ∼0.1 arcsec for STIS. It is a compromise between the need to include the core of the point-spread function (PSF) but avoid contamination from nearby objects (cf. de Grijs et al. 2002a) .
We emphasise that point-spread function (PSF) fitting and aperture photometry are both suitable techniques one can use in the type of environment we are dealing with here. There are pros and cons associated with either method. Here, we have followed established practice for NGC 1818 (and our other sample clusters; cf. de Grijs et al. 2002a,b,c) based on HST observations (see Castro et al. 2001; Santiago et al. 2001; Johnson et al. 2001; de Grijs et al. 2002a,b,c; Hu et al. 2009 ), for which we showed that the resulting data quality based on aperture photometry is robust and sufficient. The key issues are that (i) the sky background should be as constant as possible (which is met because of the high-quality HST observations available), (ii) we have carefully determined aperture corrections based on TinyTim simulated PSF analysis (Krist & Hook 2001) , and (iii) our error bars reflect the approach used; we base our results on a proper and careful analysis of the observed signal in terms of the error bars. The latter is most crucial and was carefully implemented in our modeling. The photometric uncertainties of the vast majority of our individual STIS magnitudes are less than 0.05 to 0.10 mag, while none of the stars in our final sample have uncertainties greater than 0.20 mag.
We adopted the relations of Whitmore et al. (1999) to correct the resulting photometry for the effects of chargetransfer (in)efficiency (CTE):
(1)
The total CTE correction is obtained as
where CTScor is the number of counts after CTE correction, CTS obs is the raw number of counts, Y -CTE is the CTE loss (in per cent) over 800 pixels in the Y direction and X-CTE is the equivalent factor in the X direction, X and Y are the x and y positions of the star in pixels, BKG is the mean number of counts for a blank region of the background field and MJD is the modified Julian date. Before applying aperture corrections (ACs), we also used iraf/stsdas 2 to correct for the geometric distortion of the WFPC2 chips. We determined the ACs for our photometry based on the model PSFs generated by TinyTim (Krist & Hook 2001) . We used single ACs for the entire chip, because if we change the position where we generate the TinyTim PSF image the ACs are very similar (positional differences in the ACs are less than 0.02 mag across the detector). We first constructed artificial TinyTim PSF images for each passband and each chip. Next, we measured the flux within a 2-pixel circular aperture and compared this with the total flux in the artificial PSF, thus giving us the AC for any given filter/chip combination (listed in Table 2 ). We used the same photometric method for the STIS F28×50LP image.
We adopted the method of Holtzman et al. (1995) to convert the aperture-corrected WFPC2 photometry to the 
and
whereĊ is the count rate in 2-pixel apertures and GR = 1.987, 2.003, 2.006 and 1.955 for the PC, WF2, WF3 and WF4 chips, respectively (Holtzman et al. 1995) . Figure 1 shows the CMD of NGC 1818 based on our WFPC2 data. Figure 2 represents the spatial distribution of the stars in the NGC 1818 field as observed with WFPC2 and STIS (dots and solid rectangular area, respectively).
Completeness
Because of the cluster's stellar density gradient, one of the most difficult problems for MF derivation involves completeness correction, which is normally a function of position within a cluster. We used a similar method of completeness correction as de Grijs et al. (2002a) . They computed the corrections in circular annuli around the cluster centre. However, we simply computed the equivalent corrections for the entire chip for the exposures centred on the cluster's half-mass radius, as well as for the entire STIS chip, because both sets of observations are centred on roughly the same position and the area around the half-mass radius is not as crowded as the cluster centre. The effects of sampling incompleteness are constant across our STIS field, within the observational uncertainties (see also de Grijs et al. 2002a ). The same method was used for the completeness corrections applied to the background field, although for the magnitude range of interest the completeness of the background field is close to unity.
We added an area-dependent number of artificial sources of Gaussian shape to each chip for input magnitudes between 15.0 and 30.0 mag, in steps of 0.5 mag. We then applied the same photometric method to the fields including both the cluster stars and the artificial sources, to quantitatively assess how many artificial stars we can detect after correction for chance blends and superpositions. Figure 3 shows the completeness curves of the STIS and PC chips. The bottom panel shows that the STIS completeness curves are not significantly radially dependent. We therefore used the completeness corrections for the STIS data as a whole (the variation of the different curves near the 50 per cent completeness limit is negligible in relation to the observational uncertainties). The results shown have all been corrected for blending of multiple randomly placed artificial stars and for superposition of artificial and real stars in the cluster region. For our analysis in the remainder of this paper we only consider magnitude ranges that are 50 per cent complete.
ANALYSIS
Evolutionary model, age and metallicity
Since the observations were obtained in two WFPC2 and one STIS filter, we obtain three LFs, in the F555W, F814W and F28×50LP bands. These must be converted to a common parameter (e.g., mass) for comparison purposes. de Grijs et al. (2002b) studied the MF of NGC 1818, based on the WFPC2 data, and adopted three mass-luminosity (ML) conversions for stellar masses above ∼1.0 M⊙, for solar and subsolar metallicities and a cluster age of 25 Myr. We can reach much lower masses using the STIS data because of the much longer exposure times employed. All of the stars detected by STIS are faint and (hence) of low mass (assuming that they are cluster members), as is apparent from a direct comparison of the stars in common on the shallower WFPC2 exposures and the deep STIS frames centred on the cluster's half-mass radius. For the young age of the cluster this implies that most of these objects are likely PMS stars. For the stars in common with the WFPC2 observations (the brighter stars detected on the STIS frames), this is supported by their loci in the CMD, because many stars are located above the zero-age main sequence (ZAMS) of NGC 1818, at least for low masses and on the basis of WFPC2 photometry alone (see Fig. 1 ). This distribution of the photometric data points is not due to biases caused by photometric uncertainties. White et al. (1999) concluded that the models of Baraffe et al. (1998) result in the most consistent age and mass estimates, on the basis of a detailed comparison of six PMS evolutionary models. We therefore adopted the Baraffe et al. (1998) models for low-mass (PMS and ZAMS) stars and recalculated the models for the specific filters used in this paper and for a more extended range of metallicities and higher stellar masses (up to 1.4 M⊙). Although a comparison of the Baraffe et al. (1998) PMS and the Girardi et al. (2000) main sequence models with our observational CMD appears to imply that up to 88 per cent of the stars detected by STIS (∼∈ [22.6,27 .8] mag) may be PMS stars, it is difficult to ascertain whether or not a given star is on the PMS, so the full, extended mass coverage of the Baraffe et al. (1998) models significantly aids in the interpretation of our results. In addition, we added photometry in the F28×50LP filter to the model calculations.
Although we cannot use CMD analysis to attack the PMS uncertainties for the bulk of the STIS data, we know that the area observed by STIS overlaps with the WFPC2 observations centred on the cluster's half-mass radius. Many (more than 1000 after completeness correction) of the faint stars in the STIS image are also detected in our WFPC2 observations and most of the stars in common between the two catalogues are PMS stars. As clearly shown in Fig. 4 , the PMS stars observed by WFPC2 seem to exhibit a scatter in age (e.g., compare the youngest and oldest PMS isochrones in Fig. 4 with the data points).
To derive the age of PMS stars, it is common practice to compare their loci on the CMD with respect to the ZAMS (e.g., Park et al. 2000; Gouliermis et al. 2006a ). This can be done for the brighter stars in the STIS field of view using the WFPC2 observations in common. Using the CMD of the low-mass stars observed with WFPC2 (Fig. 4) , we realized that the PMS stars are distributed in a rather narrow region (see the detailed discussion below) and that most stars are located parallel to the main sequence (Park et al. 2000) . Therefore, we can assume that all low-mass PMS stars detected by STIS have a mean age (and spread) centred on the 'PMS sequence', so that a MF for the PMS stars can be derived. Older and younger age sequences spanning the full CMD loci of the PMS stars detected in the WFPC2 data are used to measure the uncertainties associated with using this method. This way, the MF derived from the low-mass end of the WFPC2 data can be extended to the much deeper STIS photometry, by adopting a well-justified mean age (and uncertainty) and thus a specific ML conversion. This will allow us to probe well into the subsolar-mass regime at a hitherto unexplored (subsolar) metallicity. We adopted the Padova isochrones (Girardi et al. 2000 ) to fit the main-sequence ridge line in the CMD and the Baraffe et al. (1998) evolutionary models to fit the PMS loci. In the direction of the arrow in Fig. 1 , the dashed, solid and dot-dashed lines represent the best Padova isochrone fits for metallicities, Z = 0.004, 0.008 and 0.019 (Z⊙), for log(Age yr −1 ) = 7.65 (≃ 45 Myr). The Z = 0.008 isochrone provides the best fit to the main sequence of NGC 1818. However, the Baraffe et al. (1998) .85 and 6.0. Any stars located above the middle dashed line are most likely affected by significant photometric scatter (note that the effects of binary stars are small compared to the observed width of the CMD; cf. Hu et al. 2009 ). We therefore determine the mass of the low-mass stars based on the adopted model of log(Age yr −1 ) = 7.25 (solid line in Fig. 4) as it represents the average age of the best-fitting isochrones.
Background subtraction
As already discussed by Castro et al. (2001) , an old redgiant population and an intermediate-age red-clump population are clearly seen in the CMD of NGC 1818. These older components can only be interpreted as field stars in the LMC's disc. To get a clean MF, the field-star contamination must be subtracted. There are two relevant sets of background observations obtained with WFPC2 available in the HST Data Archive, a background field associated with the cluster itself and a general LMC field. We decided to use the general field because it provides deeper photometry than the background associated with the cluster. (The 50 per cent completeness limit for the general LMC field was determined at mF555W ≃ 27.5 mag, while the equivalent limit for the field associated with the cluster occurs at mF555W ≃ 26.3 mag.) Castro et al. (2001) adopted isochrones of old age to fit the background population (see their fig. 5 ), which implies that the NGC 1818 main sequence is severely contaminated by the low-mass main-sequence field stars. It is therefore of the utmost importance to carefully subtract this contaminating population. In addition, the stars detected in the general background field are all of low mass. Because of the very long exposure time of the general background field (7800 and 5200 s in F555W and F814W, respectively), all high-mass stars are saturated. The mass distribution in the field is therefore obviously different from the cluster MF (cf. the solid curve in Fig. 5 ) and must be subtracted carefully (and in a statistical sense) from the cluster MFs.
We do not have access to a background field in the STIS F28×50LP passband. Instead, we use the F814W photometry as a proxy for the general background in the STIS field of view because its effective wavelength is closest to the central wavelength of the F28×50LP band. Even so, the observations of the general background are still not as deep as the STIS data. Gouliermis et al. (2006b) suggested that the stellar mass distribution in the field of the LMC follows a broken power-law distribution, based on their study of the general background field of LMC's inner disc. In addition, the stellar mass function below 1.0 M⊙ is generally considered to be well approximated by both a broken power-law (e.g., Kroupa 2001; Kroupa et al. 2003; Covey et al. 2008) between 0.15 and 0.63 M⊙, the mass range where we only have STIS photometry.
The mass function
For WFPC2 we focus on the observations centred on the cluster's half-mass radius, because they are much deeper (hence reaching lower masses) than the pointings centred on the cluster core, and well outside the most crowded region. As WFPC2 covers a much larger field of view than STIS, we must carefully choose the area in common for a proper comparison of the different MFs. We used the dashed square region shown in Fig. 2 for this purpose, for which we calculated the low-mass MFs in NGC 1818 based on both the high-resolution PC data and the STIS field of view. The MF from the common area on STIS is identical to that from the full STIS field of view and thus the mass distribution of the common area is fully representative of the cluster's MF as a whole at this distance from the cluster centre. We assume that all low-mass stars observed with STIS have the same age (see Sect. 3.1). The most likely age range for the entire stellar population runs from log(Age yr −1 ) = 6.85 to 7.65. The models for different ages are characterized by different ML relations (see Fig. 6 ). Adopting different models for our luminosity-to-mass conversion will therefore lead to variations in the mass distribution, including in the mass range and the number of stars in each mass interval (see Fig. 5 ).
The WFPC2 F814W filter has a central wavelength (λc = 8012Å) which is much closer to that of the STIS F28×50LP passband (λc = 7230Å) than the WFPC2 F555W filter (λc = 5439Å). The number of stars detected in the F814W observations is closer to that found in the F28×50LP frames than the stellar numbers in the F555W observations. Figures 7 and 8 show the mass distributions obtained on the basis of the observations in the two filters (F814W and F28×50LP for the WFPC2 and STIS data, respectively) in the common area. The difference between both figures relates to the assumption adopted regarding the shape of the low-mass IMF for background subtraction: in Fig. 7 we assumed a power-law IMF, while in Fig. 8 a lognormal distribution was imposed.
3 The solid squares are based on the STIS data and the triangles originate from the PC. For masses below 0.8 M⊙, the STIS observations yield more low-mass stars than WFPC2. This may reflect the true mass distribution of the low-mass stars in NGC 1818. For stellar masses greater than 0.8 M⊙ we use the results from the WFPC2 observations, since the STIS images are saturated at these bright magnitudes. At log(Mass/M⊙) = −0.1 and 0.0, where stars were detected on both the WFPC2 and STIS chips, we found 1153 stars in common between the two instruments (see Figs. 7 and 8 ). All WFPC2 stars used to derive the mass function at high masses are main-sequence stars, while of the STIS-detected stars below 0.8 M⊙, ∼ 2226 are PMS candidates (see for details Table 3 ). We combined the mass distribution from the two sets of observations to construct a clean MF spanning the full range from 0.15 to 1.25 M⊙, as shown in Figs. 7 and 8.
DISCUSSION
de Grijs et al. (2002b) studied the PDMF of NGC 1818 for masses above ∼1 M⊙ based on three ML relations. The results from the different ML relations appear similar, with a PDMF slope closely approximated by the Salpeter (1955) IMF slope (Γ = −1.35) for the cluster as a whole. In this paper, we cover a mass interval in common with their results, 3 The lognormal mass function for stellar masses below m * = 1 M ⊙ superimposed on the data in Fig. 8 is given by f (log m * ) = (2.82 ± 0.12) exp h − (log m * − log 0.33
log(age):6.85 log(age):7.25 log(age):7.65 Figure 9 . NGC 1818 MF based on ML relations for different ages.
so that we can construct a complete, combined MF for NGC 1818. We adopt the results from de Grijs et al. (2002b) based on the Kroupa, Tout & Gilmore (1993) ML relation (because this IMF extends to the highest stellar masses in NGC 1818) and combine their MF with our own determination of the PDMF for lower masses to obtain a complete MF for stellar masses above 0.15 M⊙ (Figs. 7 and 8 ).
The usual method to derive the ages and masses of PMS stars is based on their loci in the CMD (Gouliermis et al. 2006a; Park et al. 2000) . Although this approach is not possible for our STIS observations, we can use a priori information to help us constrain the most likely age range. Park et al. (2000) analysed the PMS stars in the young cluster NGC 2264 and found that most were distributed along a sequence parallel to the main sequence. We can use this information to justify our assumption that all PMS stars detected by STIS have the same age, which we obtain by fitting the Baraffe et al. (1998) evolutionary models to the observed sequence.
We already concluded that -based on the WFPC2 observations -the most likely age range spanned by the PMS stars in NGC 1818 covers the interval from log(Age yr −1 ) = 6.85 to 7.65. This, combined with the symmetrical spread of the data points between these age boundaries, leads us to adopt a mean age for the NGC 1818 PMS stars of log(Age yr −1 ) = 7.25. The resulting MF for the youngest age constraint, combining the STIS and PC data, is shown in the left-hand panel of Fig. 9 and tabulated in Table 3 ; the righthand panel shows the equivalent MF for the oldest age constraint. For the youngest age constraint, the best fit to the power-law slope of the MF gives Γ = 0.20 ± 0.08. On the other hand, for log(Age yr −1 ) = 7.65, Γ = 0.43 ± 0.16. Our results rely on the assumption that the cluster's mass function consists of single stars. This seems a reasonable assumption because the effect of unresolved binarity is expected to be very small. Kerber & Santiago (2006) analysed the effect of binaries on MFs containing different binary fractions and characterised by different MF slopes with α down to 0.8. Our slope corresponds to α=0.54. The binary fraction at these low masses is poorly known. Marchal et al.(2003) and Delfosse et al. (2004) obtained a binary fraction of about 30 per cent for this low-mass range. L. Kerber (priv. comm.) kindly recomputed the tests done in Kerber & Santiago (2006) and added a binary fraction of 30 per cent, with α down to 0.4. The resulting MF (which is, strictly speaking, a system MF and not a single-star MF) characterised by a binary fraction of 30 per cent is identical to one with no binarity over the entire stellar mass range of interest, within the uncertainties associated with our results, so that we conclude that binarity does not play a crucial role in our results, for neither random pairing nor constant massratio binaries. (Clearly, binaries will affect the final mass function, but the effect is expected to be small or negligible in relation to the uncertainties. Hu et al. [2009] derived ∼60 per cent binarity for NGC 1818 for the more massive F-type stars.) We used iraf/APPHOT for our photometry, leaving the 'sharpness' and 'roundness' parameters -used to weed out non-astronomical objects -to the default values, as this resulted in a 'clean' sample of stars in our field of view. Hu et al. (2009) appropriately adopted background fields observed with WFPC2 to subtract the background of their WFPC2 data. Although we could not obtain background CMDs of similar depth as our STIS observations, the WFPC2 and STIS fields cover a common area on the CMD (see Fig. 1 ). We carefully compared the loci in common of the CMDs obtained from the various observations (i.e., science data and background fields) and found that there were few stars beyond the main-sequence ridge line of the background field. We therefore adopted an appropriate method to extend the MF of background to a similar depth as the STIS observations (see details in Section 3.2), i.e., our background subtraction was done as properly as possible with the data at hand and hence any remaining Malmquist bias is expected to be minimal.
The stellar mass-dependent dynamical properties of NGC 1818 were discussed by de Grijs et al. (2002b) . The half-mass relaxation time-scale of cluster stars with masses below 1.0 M⊙ is of order a few times 10 8 to 10 9 yr, i.e., much greater than the age of the cluster. Although dynamical evolution in the cluster core may be up to 10 to 20 times faster (cf. de Grijs et al. 2002b ), at the half-mass radius the STIS data used here probe a relatively quiescent, 4 representative sample of stellar masses that will have been affected negligibly by dynamical evolution. Note that the loss of some small fraction of low-mass stars in unavoidable, even on the relatively short time-scale probed here. However, given the relatively small mass range probed by our STIS observations, it is unclear to what extent (if any) this is important nor whether to expect a differential effect as a function of stellar mass (e.g., Kroupa 2008, his section 3.2) . This is the first time, to our knowledge, that anyone has probed the stellar MF to such low masses in an extragalactic, low-metallicity environment. This makes it difficult to compare our results with other relevant publications. However, we note that Paresce et al. (2000) found that the IMF of Galactic GCs is best fit by a lognormal function, a result based on analysis of the IMF below 1 M⊙ of a dozen GCs in the Milky Way. This conclusion is also consistent with Chabrier (2003) . In an extragalactic environment, Chiosi et al. (2007) studied the IMF of three young clusters in the Small Magellanic Cloud (SMC), but their observations did not allow them to probe down to similarly low masses as done in this paper; they only reach stellar masses down to ∼0.7 M⊙. However, Da Rio et al. (2009) recently probed the stellar mass function of the stellar association LH 95 in the LMC down to 0.43 M⊙ and found a similar broken power-law MF based on their HST data.
We emphasize that the MFs based on the youngest and oldest age constraints do not reflect the true underlying mass distribution, but they provide a robust handle on the uncertainties associated with our MF analysis (including the expected effects of the cluster's binary stellar population; cf. Hu et al. 2009 ). Instead, the MF for log(Age yr −1 ) = 7.25 (middle panel of Fig. 9 ) is much closer to true mass distribution. It follows a power-law distribution with a slope of Γ = 0.46 ± 0.10 for masses 0.8 M⊙; the MF follows the Salpeter mass distribution for masses > 0.8 M⊙ (Figs. 7 and 8).
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Although general agreement exists regarding a 'universal' Salpeter-like stellar IMF for masses greater than ∼1.0 M⊙ in any environment that is sufficiently well populated (e.g., Kroupa 2001 Kroupa , 2007 Chabrier 2003; Chiosi et al. 2007 ), few studies have managed to constrain the IMF well below 1 M⊙ (cf. Paresce et al. 2000; Kroupa 2001 Kroupa , 2007 Chiosi et al. 2007; Covey et al. 2008 ). Most current low-mass IMF studies find broken power-law or lognormal mass distributions; the exact functional form of the low-mass IMF is still a matter of debate, however. Kroupa (2001) studied the Galactic-field IMF down to 0.01 M⊙ and found a three-part power-law distribution with turnovers at ∼0.08 and ∼ 0.5 M⊙ (see also Covey et al. 2008) . Chiosi et al. (2007) obtain a simi-lar mass function from their analysis of three clusters in the SMC. Andersen et al. (2008) combine the low-mass stellar mass distributions for seven star-forming regions and conclude that the composite IMF is consistent with a lognomal mass function.
Our MF slope for NGC 1818 above 1.0 M⊙ (see Figs. 7 and 8 and details in de Grijs et al. 2002b ) is consistent with a 'universal' Kroupa IMF. Within the uncertainties, the MF slope we find for lower masses ( 1.0 M⊙) is similar to that of Kroupa (2001) , supporting a possible 'universal' low-mass IMF as well. Given the intrinsic fluctuations in NGC 1818 and the associated uncertainties, its turn-over mass is fully consistent with the equivalent mass of 0.5 M⊙ suggested by Kroupa (2001) . The resolution in mass of our data is insufficient to speculate on the cause of any differences. We reemphasize here that a satisfactory fit to the low-mass IMF of NGC 1818 can also be obtained on the basis of a lognormal mass function, although significantly broader than the Chabrier (2003) IMF.
Application of different ML relations will result in different masses. From Fig. 6 we see that for masses greater than 0.63 M⊙ the three ML relations for NGC 1818 are similar, implying that the shape of the MFs for different age assumptions is similar (see Fig. 5 ). For masses below 0.63 M⊙ the three ML relations are parallel. The shape derived from models of different ages should therefore be the same within the uncertainties, although the number of stars in each mass interval is different. From Figs. 5 and 9 we find that the shapes of the MFs for different ages are similar, but the slopes vary to some extent.
Although we derived the NGC 1818 MF from 0.15 to 1.25 M⊙ in this paper, this is not necessarily the initial MF as evolutionary effects, such as (dynamical) mass segregation (de Grijs et al. 2002a,b,c) , may have modified the cluster's IMF. However, given that NGC 1818 is very young (∼45 Myr), stellar and dynamical evolution will not have affected the IMF significantly at the lowest masses. In addition, the location of the common WFPC2/STIS area is far outside the crowded centre of NGC 1818 so that dynamical evolution is unlikely to have modified the IMF to any significant extent at these radii and we can therefore confidently consider the observed MF of the low-mass stars in NGC 1818 as its IMF.
SUMMARY AND CONCLUSIONS
In this paper we use deep HST WFPC2 and STIS photometry of the rich young cluster NGC 1818 in the LMC to derive the stellar MF for low-mass stars down to ∼ 0.15 M⊙. To the best of our knowledge, this is the deepest MF thus far obtained for a stellar system in an extragalactic, low-metallicity environment (although somewhat -but not quite -rivalled by the recent work of Da Rio et al. 2009 ).
Combining our results with the MF for stellar masses above 1.0 M⊙ derived by de Grijs et al. (2002b) , we obtain a complete PDMF of NGC 1818. This PDMF is most likely a good representation of the cluster's IMF, particularly at low masses. This is so because NGC 1818 is very young and the observations are centred on a field at the cluster's uncrowded half-mass radius, so that stellar and dynamical evolution of the cluster is unlikely to have significantly affected the NGC 1818 IMF at low masses. Adopting a Kroupa-type power-law mass distribution as a convenient fitting tool, the IMF in NGC 1818 is best described by a broken power-law distribution with slopes of Γ = 0.46 ± 0.10 and Γ ≃ −1.35 (Salpeter-like) for masses in the range from 0.15 to 0.8 M⊙ and greater than 0.8 M⊙, respectively. Our derived IMF is therefore fully consistent, within the uncertainties, with the 'standard' Kroupa (2001) broken power-law IMF for the solar neighbourhood. Given the observational uncertainties, the low-mass IMF is also well approximated by a lognormal distribution. At the present time, we cannot robustly distinguish between either functional form. To do so, one would need to probe down to the stellar/brown-dwarf transition region. This is, however, very challenging to achieve for clusters at Magellanic Cloud distances.
